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400a Tuesday, February 5, 2013permutation on the protein chain can give important information about the
connectivity, structure and folding or unfolding kinetics which guides its
translocation and subsequent function in the cell. To study the process of co-
translocational unfolding and its dependence on the secondary structure at
the N-terminus of the protein imported, we conduct a comparative molecular
dynamics study of circular permutants of Dihydrofolate reductase(DHFR) us-
ing atomistic model in CHARMM. Six Circular Permutants - CP25, CP38,
CP78, CP97, CP108, CP133 - are generated such that the new N-terminus leads
either to an alpha helix or a beta-strand. using Steered Molecular Dynamics we
compute the work distributions for the forced unfolding of each of the CP’s and
native DHFR using two processes - unfolding through the geometrical constric-
tion of the model pore as in mitochondrial translocation and mechanical unfold-
ing with the C-terminus fixed. In both cases the unfolding force is applied at the
N-terminus. A comparison of the free energy profile along the reaction coordi-
nate for each circular permutant can lead to identification of different unfolding
pathways and hence import efficiency based on first resistant structure adjacent
to the targeting sequence.
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Globular proteins commonly use structural metals to promote folding and en-
hance stability. There are no good examples of similar metal utilization in fi-
brillar proteins such as collagen. We hypothesized a metal binding site at the
end of an A:B:C-type collagen triple helix could be designed to enhance folding
and stability without compromising specificity. A heterospecific metal binding
site was computationally designed by sampling backbone and sidechain confor-
mations of C-terminal amino acids of the triple helix to optimize metal site ge-
ometry. Experimental characterization of the designed sequences confirms that
zinc-binding enhances structure and thermal stability of the A:B:C heterotrimer
peptides under physiological buffer condi-
tions. By varying metal concentration, it
is possible to study the relative contribu-
tions of electrostatic interactions and metal
binding, to triple helix stability and struc-
ture. Metal-directed switching of triple
helical structure has potential applications
in self-assembly of higher order biomate-
rials, translational regenerative medicine
and drug design.
2054-Pos Board B73
Aromatic Amino Acids Confer Folding Propensities to a Nine-Residue
Peptide
Olivier Bignucolo, Stephan Grzesiek, Simon Berne`che.
University of Basel, Basel, Switzerland.
We investigated how individual amino acids affect the structural propensities
of short peptides. We based our work on NMR measurements of peptides of
sequence EGAAXAASS, where 15 different amino acids were tested at posi-
tion X. Here we focus on the two peptides with X = Trp and Gly, especially
on their residual dipolar couplings (RDC). The pattern of the peptide with
X = Gly was rather flat, suggesting an extended or unfolded peptide, while
the pattern of the peptide with X = Trp was particularly contrasted, character-
ized by a changing sign value in the middle of the chain, suggesting for us the
formation of a helical turn. The molecular dynamics (MD) simulations con-
firmed theses hypotheses. In the simulations, the peptide with X = Gly was ex-
tended most of the time and calculated RDCs were in good agreement with the
experimental one. In contrast, the peptide with X = Trp showed many different
conformations, mostly folded but with a non negligible number of extended
conformations. After clustering the conformations according to the dihedral an-
gles of the main chain, we found that the clusters with theoretical RDCs that
better fit the experimental data were those forming a helical turn. We also
show that the driving force leading to such folded conformation could arise
from the lack of hydration of the peptide chain on either side of the bulky
aromatic residue.
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We present simulation results for small peptide oligomers (dimers through
hexamers) using the multicanonical simulation algorithms Replica Exchange
Statistical Temperature Molecular Dynamics. This algorithms use biased dy-
namics to overcome sampling problems related to broken ergodicity at lowtemperatures. Changes in the Potential Energy Surface of the system as it grows
from a single molecule to a small oligomer are discussed. Each peptide is rep-
resented using a coarse-grained model and has an alpha-helix as its native state.
We show for dimers that, at low temperatures, both peptides are helical; at high
temperatures, both peptides are random coils; and at intermediate temperatures,
one peptide is folded while the other adopts an extended configuration that min-
imizes the solvent exposed surface area. Dimerization causes one peptide to be-
come more stable and fold at a higher temperature than an isolated monomer
while the other peptide becomes less stable and folds at a lower temperature
than an isolated monomer. This effect is due to the solvation of the stabilized
molecule by the unfolded, destabilized molecule. We show that this effect is
stronger in larger oligomers and results in multiple solvated peptides that are
substantially more stable than the isolated monomer at the expense of multiple
molecules that are thermally destabilized. The consequences of this effect are
discussed in the context of molecular crowding and of protein misfolding and
aggregation.
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The results of a small-angle x-ray scattering (SAXS) study of equine
cytochrome-c protein under different unfolding conditions are discussed. Al-
though the measured radius of gyration of this protein over a wide range of tem-
peratures and GuHCl concentrations conform to a two-state thermodynamic
model, we find different levels of residual structure present depending on
whether the protein is cold- or warm- denatured. We present DAMMIN recon-
structions of these different unfolded states using 1532 dummy atoms with a 1.5
Angstrom radius, and suggest ways that these different unfolded states may be
described by the same folding free energy.
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After their relatively recent discovery and classification, it has been shown
that intrinsically disordered proteins (IDPs) play essential roles in cellular
regulation and signal transduction. Stathmin is a eukaryotic IDP responsible
for regulating the polymerization equilibrium between the tubulin hetero-
dimer and microtubules, and is also highly expressed in cancerous cells.
Stathmin exists in a highly-ordered folded state when bound to its binding
partner tubulin; however, alone in solution, as an IDP lacking those stabiliz-
ing binding interactions, stathmin is likely to explore conformational space
in various equilibria between partially and completely folded states. Inter-
estingly, it has been suggested that soluble stathmin has a short helical re-
gion (Glu55-Ala73) of persistent foldedness, and that this region might
act as an a-helical ‘nucleation sequence’ necessary for further folding in
the C-terminal direction. Alternatively, we believe that the complete length
of stathmin exists in a folding-unfolding equilibrium, and here we report
data supporting this hypothesis. Nitroxide spin labeled mutants of stathmin
throughout the Glu55-Ala73 region - rotationally immobilized through cou-
pling to CNBr-activated sepharose beads - were studied by electron para-
magnetic resonance (EPR) spectroscopy. The continuous wave EPR
spectra for all 19 spin labeled mutants unambiguously indicate that this re-
gion of stathmin exists in a dynamic equilibrium between folded (ordered)
and unfolded (disordered) states, and that no such helical nucleation se-
quence exists. We also show that this folding equilibrium in stathmin is
shifted by the common biochemical viscosity modifiers sucrose, glycerol,
and Ficoll-70.
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The thermal stability of Taq DNA polymerase is well known, and is the basis
for its use in PCR. A comparative thermodynamic characterization of the large
fragment domains of Taq (Klentaq) and E. coli (Klenow) DNA polymerases
reveals that Klentaq’s extreme free energy of folding originates from a signifi-
cantly decreased entropic folding penalty. A parallel solution-based structural
analysis reveals that the denatured state of the mesophilic polymerase (Klenow)
is significantly more elongated than the denatured state of the thermophilic Taq
Tuesday, February 5, 2013 401apolymerase and thus has a significantly larger radius of gyration. The combined
data indicate that the folded state of the thermophilic polymerase is not more
intrinsically stable: instead, its more globular denatured state has a considerably
reduced entropic and structural barrier between the denatured and native states,
resulting in a much more favorable DG of folding. The data also indicate that
the stability-linked evolutionary differences between the two proteins are ex-
pressed primarily in the denatured state. This is the first direct structural
demonstration of denatured state size/shape differences in a mesophilic-
thermophilic protein pair. Despite their demonstrably different sizes and struc-
tures, both denatured state ensembles still fall within the range of random-coil
behavior.
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Transfer free energy scale of amino acids is fundamental for understanding
membrane protein folding and for predicting membrane protein structures.
Several experimental studies have been carried out to measure the free energy
of partitioning amino acids to artificial lipid bilayer or biological membranes
in the context of model peptides. A recent study measured water-to-bilayer
transfer free energy in the context of a native b-barrel transmembrane protein
OmpLA[1]. Here we report the development of a computational free energy
scale based on an empirical potential energy function and statistical mechan-
ical model. Our energy function incorporates the energy contribution of
single-body burial, inter-strand interaction and sequential nearest neighbor
contact interaction. Using a statistical mechanical model with a reduced state
space, we computed the full partition function of OmpLA and the relative in-
sertion free energy of amino acids replacing Ala210. The computed relative
free energy scale correlates well with experimental data (r2 =0.79 with
water-to-bilayer scale[1] and r2=0.88 with translocon scale[2]). In addition,
depth dependency profiles of Arg and Leu are in excellent agreement with
those measured by Moon and Flemming [1]. We also obtained depth depen-
dency profiles of all 20 amino acids which provide insight to the folding
process of membrane protein. Furthermore, our model showed strong coop-
perativity of Arg-Arg, consistent with experimental founds[1]. We further pre-
dicted that Lys-Lys show significant cooperativity, which is subject to future
experimental verification.
1. Moon CP, Fleming KG (2011) Side-chain hydrophobicity scale derived from
transmembrane protein folding into lipid bilayers. Proc Natl Acad Sci
USA108:10174-10177
2. Hessa, T, Kim, H, Bihlmaier, K, Lundin, C, Boekel, J, Andersson, H, Nils-
son, I, White, SH, von Heijne, G (2005). Recognition of transmembrane helices
by the endoplasmic reticulum translocon. Nature, 433, 7024:377-81.
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b-scorpion toxins are polypeptides of 60-76 residues that bind to site 4 of
voltage-gated sodium channels and induce a hyper-polarising shift in the
voltage-dependence of activation. The domain II voltage sensor is trapped in
its outward, activated conformation through interactions with the toxin. b-scor-
pion toxins represent lead candidates for novel therapeutics and insecticides but
their expression in bacterial systems is not straight-forward; the reducing cyto-
plasmic environment hinders formation of four disulphide bridges that stabilise
the toxin structure. Therefore reports to-date of recombinant b-toxin production
include an oxidative-refolding step which follows initial purification of the mis-
folded peptide.
We report an expression strategy that produces correctly-folded b-toxin in
E.coli. FPLC and HPLC analysis of b-toxin purified to homogeneity indicted
that the protein adopts a single conformation. Crystallization and structure de-
termination to 2.5 A˚ resolution confirmed that the b-toxin adopts the
functionally-active form. Additionally, thermal denaturation studies using
synchrotron-radiation circular dichroism (SRCD) – the first application of
this sensitive CD technique to this toxin class – demonstrated the stability of
this cross-linked toxin.
The methodology applied to produce this toxin may facilitate industrial scale-
up or lab-based production of wild-type and mutant toxins for ligand interaction
studies.Protein-Ligand Interactions I
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Cooperativity, multi-site and multi-component interactions are hallmarks of bi-
ological systems of interacting macromolecules. their thermodynamic character-
ization is often very challenging due to the notoriously low information content
of binding isotherms. We introduce a strategy for the global multi-method anal-
ysis of data from multiple techniques (GMMA) that exploits enhanced informa-
tion content emerging from the mutual constraints of the simultaneous modeling
of orthogonal observables from calorimetric, spectroscopic, hydrodynamic, and
biosensing experiments. We describe new approaches to address statistical prob-
lems that arise in the analysis of dissimilar data sets. The GMMA approach can
significantly increase the complexity of interacting systems that can be accu-
rately thermodynamically characterized.
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The chemokine called interleukin-8 (IL-8 or CXCL8) plays a central role in hu-
man immune response by binding and activating the receptor CXCR1 that be-
longs to the G-protein coupled receptor (GPCR) family. Upon binding of
CXCL8, CXCR1 undergoes conformational change resulting in signal
transduction.
The purpose of this study was to determine the role of the fragments of the
CXCL8 binding sites of CXCR1 as potential therapeutic targets for developing
novel drugs against inflammatory diseases.
Homology modeling studies were firstly performed to construct the three-
dimensional structure of CXCR1 by taking the crystal structure of bovine rho-
dopsin (PDB code: 1U19) as the template with the sequence similarity up to
41.8 %. By the following molecular docking programs several potential pep-
tides were selected and synthesized to validate the anti-inflammatory efficiency
through flow cytometry analysis. The preferred complexes of CXCL8 binding
CXCR1 from docking predictions were then embedded into POPC lipid bila-
yers for 50 ns MD simulation to investigate the binding interaction. Simulation
results show that electrostatic interaction dominates the binding of CXCL8 and
CXCR1, consistent with the previous experiments.
Small peptide drugs are novel therapeutic candidates for inflammatory dis-
eases. High-throughput, structure-based virtual screening combining MD sim-
ulations is an effective computer-based drug design method for discovering
anti-inflammatory drug candidates.
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Metabotropic glutamate receptor 1a (mGluR1a), known as a member of the
family C GPCRs, couples to Gq and modulates consequent PLC activity, IP3
accumulation and intracellular Ca2þ release from ER lumen. mGluR1a is abun-
dantly expressed in the central nervous system and has been shown to be re-
sponsible for the slow phase of the action potential in post-synaptic neurons,
and to be involved in chronic neuronal degenerative diseases, like Parkinson’s
disease, Huntington’s disease and Alzheimer’s disease.We have predicted a po-
tential Ca2þ binding site adjacent to the binding site previously reported for the
endogenous agonist, glutamate, and receptor antagonists. In this study, we have
applied single cell imaging and a radioactive binding assay to probe the effects
of extracellular calcium in modulating various drugs modulating mGluR1a
such as agonists, antagonists and allosteric modulators. We have shown that ex-
tracellular Ca2þ enhances the activation of the the receptor by its agonists and
